The aim of this study was to evaluate the utility and safety of a mobile eye surgical unit (MESU) in providing quality cataract surgery for the indigent rural population with poor access to quality eye care. Materials and Methods: Two buses connected by a vestibule were built to meet the requirements for a self-sufficient operation theater (OT). In every camp, safe transportation of units, good alignment of buses, safe water, and maintenance of sterile environment were achieved with optimal utilization of OT. Results: Two thousand and twenty-one patients in 21 remote locations underwent cataract surgery in MESU between 2012 and 2015. Visual outcome was 6/9 or better in 79.3%, posterior capsular rupture in 0.91%, zonulardialysis in 0.3%, aphakia in 0.2%, iridodialysis in 0.2%, and there was no incidence of endophthalmitis. Conclusion: MESU is a safe alternative in combating preventable blindness due to cataract in far-off villages and tribal areas by providing quality eye care at the patient's doorstep. This model has a great potential for duplication in other parts of India.
Cataract has been reported to be responsible for 50%-80% of bilaterally blind in the country. [1] The model of screening camps to identify cataract and carrying out the cataract surgeries at the base hospitals has been the backbone of combating avoidable blindness in India. [2] Providing quality eye care services closer to them would need large infrastructure investments with limited utilization of facilities in smaller communities. As an operational pilot project, a "mobile eye surgical unit" (MESU) was built for providing quality cataract surgical services at the community level in South India.
Materials and Methods
The MESU presents an innovative solution to accessibility by providing a stable, self-sufficient mobile platform that guarantees a controlled and sterile environment for performing cataract surgery in rural locations with no basic amenities.
The MESU, as illustrated in Fig. 1 , consists of a set of two custom-built vehicles as follows:
• Preparatory vehicle: Houses a preoperative room with a couch to administer anesthesia and changing room • Surgery vehicle: That houses a scrubbing station, operation theater (OT) with an operating microscope, phaco machine, electrocardiogram monitor with defibrillator, oxygen concentrator and sterilization room with tabletop autoclave machine, ETO sealer machine, and fogging machine.
To minimize the risk, initial surgeries were carried out on the premises of the base hospital. Mock trials without patients were carried out to optimize patient flow and ensure that surgeons and theater personnel were comfortable with the environment. Once these were optimized, off-site surgeries were started.
Camps were organized at particular location following a request from a nongovernmental organization. Permission for the camp was sought from the District Blindness Control Society (DBCS) for the notified period. Awareness meetings and group discussions were held with the help of local authorities for smooth conduct of the camp.
The MESU was functional from January 2012 for conducting cataract surgeries at various places in Tamil Nadu. MESU was started with many challenges such as high capital cost, the running cost, feasibility, and safety of a new system. Permission from the DBCS was given for the first 500 surgeries to know about safety and feasibility, which was renewed after 18 months by the DBCS after evaluating the safety and the feasibility.
Level grounds in schools or community halls were chosen for parking the MESU unit. The outpatient screening is set up nearby in a fixed facility such as a hall or schoolroom near the site. The equipment required for outpatient examination were transported in a separate vehicle which is used for the transportation of team members.
For every patient, demographic details, ophthalmic and medical history, blood pressure (BP) recording, random blood sugar, hemoglobin estimation by copper sulfate method, and physical examination were done. Preoperative visual acuity, slit-lamp findings, lens status, applanation tonometry, and fundus evaluation were carried out. Regurgitation on pressure on lacrimal sac area and digital biometry were performed. All patients received preoperative antibiotics for 1 day, and povidone-iodine 5% was applied 10 min before the surgery. Surgeries have been performed by four surgeons so far by a single surgeon in a day. Phacoemulsification, manual small incision cataract surgery (SICS), and extracapsular cataract extraction were performed under local anesthesia, monitoring vital parameters. Postoperatively, the patients' eyes were patched. On the first postoperative day, all patients' vision was recorded with pin hole, and a slit-lamp examination was done.
A team consisting of ophthalmologist, optometrist, and ophthalmic assistant visited the site after 1 week and 1 month postoperatively. Visual acuity with pin hole, handheld slit-lamp examination, refraction and fundus evaluation were done, and glasses were dispensed at a later date.
Results
Of the 2021 patients operated in MESU, 937 (46.4%) were males and 1084 (53.6%) were females; the mean age (standard deviation) was 61.36 ± 9.313 as shown in Fig. 2 , and 107 patients (5.29%) did not come for the final follow-up.
Phacoemulsification was performed for 146 (7.2%) patients, manual SICS for 1849 (91.5%), and extracapsular cataract extraction for 26 (1.3%) patients. All patients received single-piece polymethyl methacrylate intraocular lens (IOL). Nearly 119 (5.5%) patients had diabetes, 159 (7.9%) were hypertensive, 102 (5%) had diabetes and were hypertensive, and the remaining 1617 (80%) were without systemic illness.
The present study showed a low percentage of good outcome [ Table 1 ] at presentation based on the World Health Organization (WHO) definitions -visual acuity >20/60 was seen in 85 patients (4.1%) and 1218 patients (60.4%) had visual acuity <6/60. [3, 4] Poor vision was seen more in females may be due to their traditional inaccessibility to health-care system.
The surgery was uneventful in 1988 (98.9%) patients. Posterior capsular rupture was noted in 18 patients (0.9%), zonular dialysis in 7 (0.3%), iridodialysis in 5 (0.2%), whole bag removal in 2 (0.1%), and partial Descemet's membrane detachment in three patients (0.14). [5] [6] [7] Totally 2010 patients received posterior chamber IOLs, 6 (0.25%) patients received anterior chamber IOL, s and 5 (0.2%) patients were aphakic. The postoperative complication rates were lower compared to a similar study though the sample size reported was smaller (209 patients) than the present study. [8] Automated anterior vitrectomy was performed in eyes that had a vitreous loss. The complication rates were low compared to various studies as surgeries were done by experienced surgeons and rigid adherence to protocol for infection control and sterility.
Visual acuity <6/60 in 19 (0.93%) patients [ Table 2 ] was due to high myopia with chorioretinal degeneration, pigmentary alteration at fovea, retinitis pigmentosa, and Stargardt disease. One hundred and seven (5.29%) patients were lost to follow-up at the final visit.
There were two untoward incidents noted among 2021 surgeries. The first case, a 49-year-old female with no systemic illness, developed hypotension with BP of 97/42 mmHg for In the second instance, a 67-year-old female on treatment for diabetes and hypertensive developed breathlessness with orthopnea during surgery with signs of pulmonary edema. Surgery was abandoned after cortical aspiration. On examination, the following findings were noted: Pulse, 118/min; respiratory rate, 32/min; BP, 230/138 mmHg; PO 2 , 78%; and the patient was unresponsive, with tongue falling back and had basal crepitation and rhonchi. She was managed medically and BP brought down to 180/110 mmHg, saturations increased to 99%, wheeze and rhonchi decreased, and became conscious oriented and comfortable in 30 min. She was shifted to Intensive Care Unit in district headquarters hospital 45 km away in an ambulance for further evaluation and management and was discharged the following day after 24 h of observation. Cortical wash with secondary IOL implantation was done in the base hospital after 3 weeks under anesthetic care.
It was notable that there was no incidence of endophthalmitis among the patients who underwent cataract surgery in MESU. [9] The present study is underpowered to report the endophthalmitis rate with the small sample size of 2021.
Discussion
The MESU was developed on two separate standard bus chassis (Ashok Leyland 222 Viking) so as to enable them to travel independently to access remote villages. They are connected on-site by a detachable double-walled interconnecting vestibule to make a single compact surgical unit.
The MESU was lifted off its wheels through independently controllable hydraulic cylinders to ensure stability during surgeries. Locally available electrical power was supplemented by an onboard 20 kVA diesel generator supported by a 5 kVA uninterrupted power supply unit. The sterility of the OT was maintained by air handling unit that filters particles >0.3 micron and by providing positive pressure (3) (4) (5) . The entry to the surgery area was through twin air curtains, isolating the sterile environment thereby preventing contamination. The OT interior was made of stainless steel to enable effective cleaning. Clean water was obtained from an on-board reverse osmosis plant. The modular nature of the system with adequate storage space for the consumables ensures fast repair and update of the subsystems with minimal operational downtime and low maintenance cost.
The capital cost for the unit was 3 crores which includes the vehicle, fabrication, and the equipment cost. Being a pilot project, per surgery cost varies depending on the number of surgeries conducted per camp from Rs. 7185 for 100 surgeries to Rs. 4790 for 150 surgeries [ Table 3 ]. All efforts are continuing to bring down the cost without compromising the quality by increasing the number of surgeries per camp. [10] The team consisting of operating surgeon (2), trainee ophthalmologist (2), optometrist, camp administrator, OT technicians (4), outpatient staff (4), and electrical Vol. 64 No. 11 maintenance staff (2) was identified and trained during the trial phase.
For safe surgical environment, washing and disinfecting of OT was done for 3 consecutive days along with culture by settle plate method and air sampling. [11, 12] Surgeries were started only after obtaining negative culture for 3 consecutive days.
At the end of each surgery, used articles were removed from the theater, instruments were sent for cleaning and sterilization, disposable items and the theater wastes were disposed as per the protocol. The theater was disinfected with bactericidal solution and reset. Cleaning and fogging was done after the last surgery every day.
After the pilot phase of the first 500 surgeries, duration of each camp was planned for 10 days, starting with patient selection for the first 3 days during which time OT was made ready [ Table 4 ]. The surgeries were planned for 5-6 days depending on the number of patients selected. Single surgeon available on-site performed all the surgeries. All surgeries were done free of cost, the tubings and phaco probes were changed for each case, all consumables were disposed after each surgery, and disposable drapes were used. After understanding the logistics, 25 surgeries per day can be done safely by an experienced surgeon in the MESU in spite of no availability of anesthetist and vitreoretinal surgeon in camp site.
Various studies have noted that people readily do not accept eye care surgeries when offered free of cost. The common barriers for cataract surgeries encountered were attitudinal barriers related to service delivery, cost, and affordability. The attitudinal barriers were could manage daily work (71%), cataract not mature (68%), could see clearly with other eye (64%), too busy (57%), female gender (37%), fear for surgery (34%) or death (13%), old age (33%), and worry about cost of surgery (27%).
The barriers relating to service delivery, cost, and affordability included insufficient family income (76%), not knowing anybody who had undergone cataract surgery (26%), no one to accompany (20%), and inaccessibility (20%). [13] Accessibility is as important as the need for health care. [14] Lack of an attendant was relevant in a rural setup mainly due to transportation cost, loss of labor during hospital stay, and the miscellaneous expense for the attendant. [15, 16] Fear as a barrier is not without reason, especially for illiterate in rural areas, fear of hospital, surgery, and its consequences is natural. [17] MESU provides accessibility that addresses the concerns of rural illiterates to avail the services without fear and undue expenses.
The WHO has provided guidelines for cataract surgery outcomes -85% should have visual acuity of 20/60 or better, 10% must have <20/60-20/200, and 5% should have visual acuity of <20/200. [18, 19] In the present study, postoperatively, 1862 patients (92.11%) had best-corrected visual acuity above the visual acuity of 6/18 which was comparable to other studies at 94% or 89.8%. [20] [21] [22] The visual recovery in patients who had undergone surgery in MESU is comparable with other reports from India. MESU provides an alternative to the base hospital approach by giving the same standard eye care in a peripheral eye camp in rural and remote areas. [23] The ophthalmologists are trained in basic and advanced life support and are trained with physicians and anesthetists for careful selection of patients to identify any warning sign and to manage acute emergencies if needed. The OT is equipped with emergency medicines, endotracheal tube with laryngoscope, and ambu bag. A vehicle is kept ready during the time of surgeries, preferable an ambulance, if available for shifting the patient. Intrathecal/vascular spread of local anesthetic may have caused the hypotension. [24, 25] Bupivacaine has not been used for cataract surgery in MESU due to its longer duration of action and intense toxicity.
Conclusion
MESU is a safe and useful alternative in combating preventable blindness due to cataract in far-off villages and tribal areas by providing quality eye care at the patients' doorsteps and to those who are inaccessible for quality eye care. The results suggest that performing cataract surgeries in a mobile bus under all asepsis is indeed a viable complimentary method to achieve the singular objective of combating blindness in the underprivileged population. This model has a great potential of duplication in other parts of India. Careful selection of the team, strict adherence to protocol, and averaging above 25 surgeries per day to decrease per surgery cost will allow MESU a safe and viable alternative in community eye care.
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